This paper extends the T -Ω formulation for eddy currents based on higher order hierarchical basis functions so that it can deal with conductors of arbitrary topology. To this aim we supplement the classical hierarchical basis functions with non-local basis functions spanning the first de Rham cohomology group of the insulating region. Such non-local basis functions may be efficiently found in negligible time with the recently introduced DS algorithm.
I. INTRODUCTION
T -Ω Finite Element formulation for solving eddy currents problems is computationally very attractive given that it reduces the number of unknowns by exploiting the fact that the magnetic field is irrotational in the insulating region. Such formulation on tetrahedral meshes using hierarchical high order basis functions [1] has been introduced in [2] . Higher order basis functions, in fact, yields greater accuracy for a given computational cost and smoother vector fields. Yet, the paper [2] assumes that the insulating region is simply connected. Since in the engineering practice this assumption is overly restrictive, the aim of this paper is to fill this gap by proposing a formulation valid for conductors of arbitrary topology.
Let us assume that the conductors are combinatorial threemanifolds with their boundary contained inside the cell complex K that represents the computational domain. The idea proposed in this contribution is to supplement the basis functions introduced in [2] with non-local basis functions spanning the first de Rham cohomology group H 1 dR (K) [3] of the insulating region.
II. FURTHER DETAILS
We first remark that, for the complexes we consider in computational electromagnetics (i.e. that are embedded in R 3 ), the first de Rham cohomology group is isomorphic with the cohomology group H 1 (K, Z) [3] computed by using integer coefficients. This is not surprising given that what is really needed is an irrotational discrete field that, for example, has circulation equal to one over a cycle encircling each conductive handle. Any field with this property suffices and it is therefore not necessary that the field is harmonic. This means that the computation of cohomology generators spanning the first cohomology group can be rigorously and efficiently performed over integers. In particular, we find the required non-local basis functions by using the recently introduced idea of lazy cohomology generators [4] . Lazy generators are attractive given that they can be computed in linear time typical complexity with the DS algorithm [4] , [5] . With this technique computing the generators requires a few seconds even considering meshes with millions of elements. Moreover, the DS algorithm is proved to be general, therefore it works for every possible input, no matter how complicated the geometry or the topology of the insulating region is.
The DS algorithm together with the T -Ω formulation with hierarchical basis functions have been implemented inside the EMS solver (www.emworks.com). Fig. 1 represents the eddy currents resulting from a validation benchmark. A thorough validation and results on challenging benchmarks will be presented at the conference.
